
LargeEddySimulationsof Fires- from Conceptsto
Computations

HowardR. Baum
NationalInstituteof StandardsandTechnology

Building andFireResearchLaboratory
Gaithersburg, MD 20899

1 Introduction

The idea that the dynamicsof a fire might be studiedusing digital computersprobablydatesback to
thebeginningsof thecomputerage.Theconceptthata fire requiresthemixing of acombustiblegaswith
enoughair atelevatedtemperaturesis well known to anyoneinvolvedwith fire. Graduatestudentsenrolled
in coursesin fluid mechanics,heattransfer, andcombustionhave beentaughttheequationsthatneedto
be solved for at leastas long as computershave beenaround. What is the problem? The difficulties
revolve aboutthreeissues:First, therearean enormousnumberof possiblefire scenariosto consider.
Second,wedonot haveeitherthephysicalinsightor thecomputingpower (evenif wehadtheinsight)to
performall theneccessarycalculationsfor mostfire scenarios.Finally, sincethe“fuel” in mostfireswas
never intendedassuch,thedataneededto characterizeboththefuel andthefire environmentmaynot be
available.

In orderto make progress,thequestionsthatareaskedhave to begreatlysimplified. To begin with,
insteadof seekinga methodologythatcanbeappliedto all fire problems,we begin by looking at a few
scenariosthat seemto be mostamenableto analysis.Hopefully, the methodsdevelopedto studythese
“simple” problemscanbegeneralizedovertimesothatmorecomplex scenarioscanbeanalyzed.Second,
wemustlearnto livewith idealizeddescriptionsof firesandapproximatesolutionsto our idealizedequa-
tions.Theseidealizeddescriptionshaveto bebasedonthekind of incompleteknowledgeof fire scenarios
that is characteristicof real fires. Finally, the methodsshouldbe capableof systematicimprovement.
Thus,asourphysicalinsightandcomputingpowergrow morepowerful themethodsof analysiscangrow
with them.

The“LargeEddySimulation”(LES) techniquedevelopedatNIST overa nearlytwo decadeperiodis
our attemptto carryout the conceptualprogramoutlinedabove. Thephraserefersto the descriptionof
turbulentmixing of thegaseousfuel andcombustionproductswith thelocal atmospheresurroundingthe
fire. This process,which determinestheburningratein mostfiresandcontrolsthespreadof smoke and
hotgases,is extremelydifficult to predictaccurately. This is truenotonly in fire researchbut in almostall
phenomenainvolving turbulentfluid motion.Thebasicideabehindtheuseof theLEStechniqueis thatthe
eddiesthataccountfor mostof themixing arelargeenoughto becalculatedwith reasonableaccuracy from
theequationsof fluid mechanics.Thehope(whichmustultimatelybejustifiedby appealto experiments)
is thatsmallscaleeddymotioncaneitherbecrudelyaccountedfor or ignored.

Theequationsdescribingthetransportof mass,momentum,andenergy by thefire inducedflowsmust
be simplified so that they canbe efficiently solved for the fire scenariosof actualinterest. The general
equationsof fluid mechanicsdescribea rich varietyof physicalprocesses,many of which have nothing
to do with fires. Retainingthis generalitywould leadto anenormouslycomplex computationaltaskthat
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FIGURE 1: Snapshot of a simulation of 3 m square jet fuel �r e in a 22 m high and 45 m wide
aircraft hangar. Contours corresponding to the mean �ame temperature maximum and the highest
temperature non-burning region are shown.

would shedvery little additionalinsighton fire dynamics.Thesimplifiedequations,developedby Rehm
andBaum[1], have beenwidely adoptedby the larger combustionresearchcommunity, wherethey are
referredto asthe“low Machnumber”combustionequations.They describethelow speedmotionof agas
drivenby chemicalheatreleaseandbuoyancy forces.

The low Mach numberequationsaresolved on the computerby dividing the physicalspacewhere
thefire is to besimulatedinto a largenumberof rectangularcells. In eachcell the“stateof motion”, i.e.
the gasvelocity, temperature,etc. areassumedto be uniform; changingonly with time. The computer
thencomputesa largenumberof snapshotsof thestateof motionasit changeswith time. Figure1 shows
onesuchsnapshotof a hangarfire simulation.Clearly, theaccuracy with which thefire dynamicscanbe
simulateddependson thenumberof cellswhich canbeincorporatedinto thesimulation.This numberis
ultimatelylimited by thecomputingpower availableto theuser. Presentdaycomputerslimit thenumber
of suchcells to at mosta few million. This meansthat theratio of largestto smallesteddylengthscales
thatcanberesolvedby thecomputation(the “dynamicrange”of thesimulation)is roughly
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Unfortunately, the rangeof lengthscalesthat needto be accountedfor if all relevant fire processesare
to be simulatedis roughly
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. Much of the discrepancy is dueto the fact that the combustion
processesthatreleasetheenergy takeplaceat lengthscalesof 1 mmor less.
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